Enzyme electrophoresis for superoxide dismutase (SOD) and catalase divided 144 Edwardsiella tarda strains into two groups; group 1 contained all the strains isolated from diseased fish in Japan and group 2 included 25 strains from non-disease sources and reference strain ATCC15947T.
that isolates from diseased fish and their environments (eel ponds) were classified into several different sero types (A, B, C, D and unclassified) , with most of the strains belonging to type A being virulent against fish (Park et al., 1983 , Rashid et al., 1994 . Serotyping has been one of the popular methods to type natural popula tions of bacterial species, but the analysis of the genetic structure of populations has recently been shown to be of great value in the study of variation within species in bacterial population genetics and systematics.
There are several approaches to assaying genetic varia tion of bacterial populations. Multilocus enzyme elec trophoresis has the ability to reveal many variations in enzymes, with regard to their shape, net charge, cata lytic efficiency and stability.
The differences in these characters result from many aspects of the genetic dif ferences. Hence, in many bacterial species phenotyping reveals the presence of genetic variation (Selander et al., 1986) . Inversely in the analysis of DNA, restriction fragment length polymorphysm (RFLP) analysis of PCR amplified DNA is one of the useful technique to com pare the DNA sequences based on the distribution of restriction sites. Small subunits ribosomal DNA (16S (Schmidt, 1994) . 
Catalase test
The catalase activity of each strain depended on the catalase type. All strains producing catalase type 1 were classified as "immediate", whereas all members producing catalase type 2 were typed as "delayed" (Table 1 ).
16SrDNA PCR-RFLP analysis The DNA fragments of the representative 32 strains showed the same pattern following restriction with the enzymes; AluI, DdeI, HaeIII, HinfI, MspI, RsaI and Sau3A (Data not shown). On the other hand, the strains exhibited several different patterns when digested with HhaI (Fig. 2) (Tables 1 and 2 ).
Discussion
In the present study, the phenotypings made according to the enzyme electrophoresis and catalase test gave a rough understanding of the populations of E. tarda investigated. These tests revealed that the Japanese isolates were divided into two major populations, groups 1 and 2.
The electrophoretic mobilities of enzymes are determined by their structures; i.e, by their amino acid composition (primary structure) and by additional folding and assembly into their secondary and tertiary structures. The variations in electrophoretic migration of FeSOD and catalase of E. tarda strains suggested that structural differences exist between strains in these enzymes or that post-translational modifications to them differ, with the result that groups 1 and 2 were quite different populations.
In a simple catalase test, groups 1 and 2 differed in the time required for the appearance of oxygen bubbles. (SOD) on a 12.5% acrylamide gel. The electrophoretic mobilities of SOD isolated from the E. tarda strains were separated into two types; lanes 1 to 6 were of type 1, and lanes 7 to 12 were of type 2. 1B: Electrophoretic patterns of catalase isolated from the E. tarda strains on a 7.5% acrylamide gel. Catalase was also separated into two types; lanes 1 to 6 were of type 1, and lanes 7 to 12 were of type 2. (The same samples were applied to the same lanes on both gels.) Table 1 . The phenotyping of E. tarda strains according to enzyme electrophoresis and catalase test, and the relationship of these typings with 16S rDNA genotypes. Chester et al. (1987) used this semiquantitative method as a supplemental test for rapid identification of members of the family Enterobacteriaceae. According to their survey, the family Enterobacteriaceae was divided into two major groups: "immediate" catalase reactors, comprising Yersinia, Serratia, Proteus, Morganella, Providencia, Cedecea, and Hafnia spp.; and "delayed" catalase reactors, comprising Escherichia, Shigella, Klebsiella, Enterobacter, Salmonella, Citrobacter, Edwardsiella, Kluyvera, and Tatumella spp.. In the present study, 144 E. tarda strains were classified either as "immediate" or "delayed" catalase reactors. This fact suggests that the groups 1 and 2 might be phylogenetically distant.
RFLP analysis of the 16S rDNA indicated genetic variation between E. tarda strains which had been assigned to groups 1 and 2. Furthermore, RFLP also suggested that the strains comprising of group 1 were subdivided into genotypes A and B. The strains isolated from diseased Japanese eel, Japanese flounder, loach, and ayu belonged to genotype A, whereas the strains isolated from red sea bream and tilapia belonged to genotype B. Because of the conservative nature of the 16S rDNA, its comparison in its structure have been an essential tool for understanding phylogenetic and evolutionary relationships among bacteria (Weisburg et al., 1991) . The differences in the 16S rDNA genotype recorded here suggest that E. tarda might be subdivided into several subspecies. The typing methods used in the current study were able to distinguish the strains that were isolated from diseased fish (group 1). Group 1 contained all of the strains which had high virulence to fishes and the strains classified into serotype A, whereas group 2 contained the low virulent strains and the strains classified into serotype B and C (Park et al., 1983, Iida and Wakabayashi, 1990) . Hence, the occurrence of edwardsiellosis in Japan might be caused by the population identified as group 1. In other words the strains of group 2 might not be involved in the occurrence of this disease. Recently, Itou et al. (1997) reported that H2O2 played an important role in the bactericidal processes of Japanese eel neutrophils, and that catalase inhibited their bactericidal activities. Indeed, it was demonstrated that strong catalase activities provided pathogens with resistance against the bactericidal activities of neutrophils and macrophages.
Because the catalase activities of group 1 strains were higher than those of group 2, catalase activities of E. tarda might contribute as one of the virulence factors against fish.
Further studies are in progress on the sequencing of the 16S rDNA and the FeSOD gene to clarify the genetic differences and the phylogenetic distance among E. tarda populations, and the role of catalase for the pathogenicity is also investigating. genotype A; lanes 1 to 4, genotype B; lanes 5 to 8, genotype C; lanes 9 to 15 (lanes 13 to 15 had an additional band of approximately 470bp: C'). M; 100 bp DNA ladder (Laboratories, Inc.) Table 2 .
The relationship between 16S rDNA genotypes of E. tarda strains as determined by RFLP analysis and the sources of these strains.
